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NORMAL AND PATHOLOGICAL HEART SOUNDS 


In recent years, renewed interest in heart sounds 
has led to considerable investigation of this subject. 
The following discussion is an attempt to summarize 
certain aspects of our present knowledge of normal 
and pathological sounds exclusive of niurmurs. The 
necessity for brevity unfortunately prevents giving 
credit to the many investigators who have made 
important contributions. 


THE FIRST HEART SOUND. Perhaps no other 
physical sign has been both so familiar.and so sub- 
ject to misinterpretation. Our knowledge regarding 
the mechanism of its production is far from com- 
plete. The dynamic factor originates in the contrac- 
tion of the ventricles upon their contents. Which 
structure or structures contribute the important 
vibrations, and how these vibrations are set up by 
intraventricular dynamic events remain undeter- 
mined. The major vibrations occur during the isomet- 
ric contraction hase before the ejection of blood. 


The loudness of the first sound varies widely in 
different individuals and in both normal and dis- 
eased hearts. Youth, small heart size, thin chest 
wall, tachycardia, thyrotoxicosis, mitral stenosis 
and hypertension tend to be associated with a loud 
first sound. Old age, thick chest wall, bradycardia, 
emphysema, shock, pericardial effusion, mitral re- 
gurgitation, and myocardial disease, especially acute 
myocardial infarction, tend to be associated with a 
faint first sound. Frequently overshadowing such 
factors is the effect of auriculoventricular conduc- 
tion time. When the P-R interval of the electrocar- 
diogram is in the lower range of normal values (0.12 
to 0.14 second) the first sound tends to be loud, and 
in the upper range (0.17 to 0.20 second) it tends to 
be faint. The influence of the auriculoventricular 
time relation is so great that attempts to evaluate 
clinically the first sound, as has been done in the 
past, without taking this factor into account, have 
proven of limited value and are often misleading. 


Variations in the loudness of the first heart sound 
from beat to beat, when the ventricular rate is regu- 
lar or nearly regular and the changes due to respira- 
tion excluded, often occur in complete heart block, 
ventricular escape and paroxysmal ventricular tach- 


ycardia. The absence of inequality of sounds, how- 
ever, does not rule out the possibility of dissociated 
beating. Marked increase in loudness of the first 
sounds of slightly premature beats, when the rhythm 
is otherwise regular, is strong evidence in favor of 
extrasystoles. All these inequalities of the first 
heart sound are related to variations of intervals 
between auricular and ventricular systoles. 


Recent evidence points strongly to the view that 
the long recognized duality of the first heart sound 
is due to a contribution by both ventricles and that 
splitting of the sound is the result of asynchronism 
in the early phases of contraction of the two ven- 
tricles. The first sound is short, prolonged or split, 
depending on synchronization of the two main com- 
ponents. A short first sound may also be due to 
inaudibility of one of the components. These differ- 
ent types of first heart sound may occur in both 
normal and diseased hearts. All may occur in the 
same individual as a result of respiratory influence, 
change of heart rate or change of posture. A widely 
split first sound, if constantly present and associated 
with splitting of the second sound, should raise the 
suspicion of bundle-branch defect or block. 


SECOND HEART SOUND. The second heart sound 
results presumably from after-vibrations due to 
closure of the semilunar valves. It consists, like the 
first sound, of two components, one produced by 
aortic valve closure and the other by pulmonic valve 
closure. Splitting of the sound is due to asynchron- 
ism in closure of the two valves and is observed both 
in healthy and diseased hearts. It is frequent in 
normal children and usually has a respiratory inci- 
dence, tending to occur during inspiration. It is less 
frequent in adults. Constant splitting is present in 
most cases of bundle-branch defect, but it occurs so 
commonly in other conditions and occasionally in 
normal hearts that, as an isolated finding, no diag- 
nostic value should be attached to it. Splitting also 
occurs in most ventricular extrasystoles which have 
a second sound. 


In youth and in the thin-chested, the second sound 
tends to be comparatively louder, particularly over 
the pulmonic area; if the aorta be dilated or if it 
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occupy a more anterior position than usual, the 
aortic second sound will be transmitted better to the 
anterior chest wall. Accentuated, high-pitched, or 
tambour aortic second sounds may occur as a result 
of arterial hypertension or thickening of valve leaf- 
lets, due either to syphilis or arteriosclerosis. Man 
—— under these conditions fail to show signi- 
cant change in the second sound suggesting that 
another factor is involved in its production. This 
may be the gradient of fall of intraventricular pres- 
sure. Marked diminution or absence of the aortic 
second sound should suggest the possibility of aortic 
regurgitation; in aortic stenosis, the aortic second 
sound is also usually diminished. The various dis- 
eases that are known to cause hypertension in the 
pulmonary arterial system, such as pulmonary em- 
physema, certain types of left-sided heart disease, 
particularly mitral stenosis, and certain congenital 
defects with left to right shunt, particularly patent 
ductus arteriosus, frequently are associated with 
accentuation of the pulmonic second sound. In con- 
genital pulmonic stenosis and acquired pulmonic val- 
vulitis, the pulmonic second sound is diminished. 


GALLOP RHYTHM AND THE THIRD HEART 
SOUND. Available evidence indicates that the extra 
sound is due to vibrations set up in the ventricular 
walls by the impact of a wave of ventricular filling. 
Ordinarily there are two peaks of ventricular filling, 
one in early diastole, and one following auricular 
contraction. Corresponding to the peaks, an extra 
sound may occur in early diastole (protodiastolic 
gallop, gallop of early diastolic inflow) or following 
auricular contraction (presystolic gallop, auricular 
or auriculosystolic gallop). If tachycardia or pro- 
longed A-V conduction time be present, there may 
be but one large wave of ventricular filling, because 
auricular contraction is superimposed on, and aug- 
ments early diastolic filling. Under these circum- 
stances (1) a third sound previously absent, may 
make its appearance, or (2) if previously present, 
in the form of protodiastolic or presystolic gallop 
(or both) it becomes much louder. This phenomenon 
we have called summation gallop. Mesodiastolic al 
lop is not a separate entity and the term should be 
discarded. 


The extra or gallop sound is a dull, low-pitched, 
short sound, usually fainter than the first or second 
sound, and heard best in the neighborhood of the 
apex impulse (left-sided gallop) or in the region of 
the xyphoid (right-sided gallop). Occasionally, gal- 
lop may be both left and right-sided. 


Since large waves of ventricular filling constitute 
an important factor in the production of gallop 
rhythm, it is common in hyperthyroidism and 
anemia. Equally important, however, is the state of 
the heart muscle. Thus, gallop rhythm often occurs 
in acute or subacute carditis, such as rheumatic 
carditis, or following myocardial infarction, or in 
dilated failing hearts, particularly as a result of 
hypertensive-cardiovascular disease. The much less 
common right-sided gallop tends to occur in cases 
with predominantly right-sided strain or failure 
from asthma, emphysema, pneumoconiosis, etc. Gal- 
lop rhythm, therefore, which is not dependent on 
tachycardia, disturbances in cardiac mechanism, or 
any condition which causes marked increase in the 


mass movement of blood, furnishes reliable eviden 
of myocardial damage. 


The so-called physiologic third heart sound, whic 
has time relations and auscultatory characteristic 
identical with those of gallop rhythm, occurs f 

uently in healthy children and young adults. 
Tiecantiotion is somewhat artificial, being base 
on the presence or absence of circulatory distur! 
ance; however, presystolic physiologic third heart 
sounds are rarely audible and right-sided physiologig 
third sounds have not been observed. The relatio 
ship remains unexplained, unless it be that the no 
mal elastic heart of youth and the diseased atonit 
heart may have in common the property of readil 
transmitting the impact of the wave of filling 
through the ventricular wall. 


Systolic gallop is rare and the mechanism of it 
production and its significance are not known. The 
third sound in this type of gallop is of the same char. 
acter as the other types, but falls in the interv 
between the first and second sounds and is best heard 
over the base. From its position and character, 
vascular origin, probably aortic, is suggested. It 
clinical importance is not great. It has been noted 
in youthful subjects during the course of seve 
prostrating illnesses and in adults with aortic di 
ease. 


MID-SYSTOLIC CLICK. Short, sharp, high-pitche 
clicking sounds, occurring about midway between 
the first and second sounds, are relatively common 
They are usually heard best just within and abo’ 
the apex and in individuals with presumably healthy 
hearts. They should not be confused with systoli 
gallop nor with reduplication of the first or secon 
sounds, and should not be interpreted as evidene 
of disease. It appears probable that they are ext: 
cardiac in origin. 

OPENING SNAP OF MITRAL STENOSIS. This 
a short, sharp, snapping or clicking sound falling it 
the range of 0.06 to 0.13 second after aortic valve 
closure. Studies of its time relations indicate that it 
occurs at the instant when the crippled mitral valve 
should open, and just before the diastolic murmur, 
It is probably due to vibrations set * by the sudden 
checking of the opening movement. It is best hearé 
in the fourth or third interspace, about 5 cms. to the 
left of the sternum. It has been repeatedly confused 
with reduplication of the second sound and with 
gallop rhythm. Its value in the diagnosis of mit 
stenosis is second only to the characteristic murmur, 
and it is frequently distinct when the murmur i 
faint or absent. 


AURICULAR SOUNDS. In some patients with 
high-grade heart block and slow ventricular rate, 
faint, low-pitched, single or reduplicated sounds o 
murmurs may be heard over the precordium during 
diastole. Combined electrocardiograms and phone 
cardiograms in such cases show the sounds to be 
associated with auricular systole. The mechanism 
of their production is not known. Their diagnostit 
value lies in their confirmation of the presence df 
high-grade heart block. 


Alexander Margolies, M.D., and 
Charles C. Wolferth, M.D. 
Philadelphia, Pa. 
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